The incidence of HIV in Uganda as reported by UNAIDS (2012) was increased from 6.7% in 2004 to 7.6% to 2012. The main threat to HIV-infected patients following surgery is the development of sepsis. Inadequacy of surgical supplies and human resources further hastens and complicates the postoperative sepsis in HIV patients. The objective of the study was to determine incidence and risk factors associated with postoperative sepsis, among HIV seropositive with acute abdomen. A prospective study ran for a period of 11 months from October 2015 to April 2016 in Mulago Hospital in Kampala. Eligible patients were recruited and included. Study variables included postoperative wound sepsis, type of surgery, and CD4 counts. Thirty-eight data were collected using a questionnaire then entered in the Epidata software 3.1 and analyzed by Stata software version. Sixty-two patients were recruited; of these, 42 were male, 37 were HIV-negative and 25 were HIV-positive. The proportion of patients with postoperative sepsis in the HIVpositive group was 7 (28%) and in the HIV-negative group was 8 (21.6%). The number of patients discharged in HIV-positive group was 24 (96%) and in HIV-negative group was 35 (94.6%). Among the HIV-positive group was 1 out of 25 (4) % and HIV-negative was 2 out of 37 (5.4%). The overall postoperative sepsis incidence rate was 3 per 100 person days for under observation (95% CI 0.02-0.1), and the incidence rate ratio of HIV-positive patients and HIV-negative was 1.04 (95% CI 0.32-3.3; P = 0.47. The limited health resource was associated with developing postoperative sepsis. There was a higher risk of positive operative sepsis among HIV-positive compared to HIV-negative patients undergoing surgery for acute abdominal conditions.
therapy. There were 2.3 (1.9-2.7) million new HIV infections globally, showing a 33% decline in the number of new infections from 3.4 (3.1-3.7) million in 2001. At the same time, the number of AIDS deaths is also declining with 1.6 (1.4-1.9) million AIDS deaths in 2012, dropping from 2.3 (2.1-2.6) million in 2005 [4] . The development of sepsis creates a substantial health care burden and limited epidemiologic information exists with regard to postoperative sepsis. Patients who undergo major surgery are at a high risk of postoperative sepsis. HIV-infected patients are more likely to develop postoperative infectious complications [5] . Severe sepsis in two Ugandan hospitals was found to have a mortality rate of up to 43%. In-hospital mortality was increased and the average length of stay was 6 days for those who survived to be discharged. Lack of surgical materials and human resources contributes to the inability to achieve improved management of sepsis in resource-constrained setting [6] . To a greater or lesser extent, the HIV disease now influences the performance and outcome of surgery in every country of the world. Surgical studies show that this impairment has not resulted in an increased incidence of postoperative infections or failure of wound healing in the asymptomatic HIV-positive patient. Current surgical management seems adequate to prevent increased risk of early postoperative infection in the symptomatic HIV-positive patient undergoing surgical procedures [7] . HIV-seropositive patients had more complications, including more perioperative infections, impaired wound healing, and greater mortality and these results were used as justification to withhold surgery in certain circumstances [8] . In this study, we estimated the incidence of postoperative sepsis and the associated risk factors among HIV-seropositive and HIV-negative patients presenting with acute abdomen.
Methods
Study Design A prospective cohort study was carried out between 1st of October 2015 and 30th of April 2016 for a period of 7 months. The research was carried out in MNRH general surgical wards. MNRH is a teaching Hospital for Makerere University College of Health Sciences and also a National Referral Hospital located in Kampala, the capital city of Uganda. It is a 1500-bed capacity hospital and runs a specialized HIV unit. Mulago Hospital provides specialized inpatient care to patients referred from district and regional hospitals around the country and from various outpatient HIV care centers. Presentation of acute abdomen is one to three patients per day who undergo surgery in Mulago Hospital. HIV prevalence in the general adult population in Uganda is 7.3%, and approximately 64% of patients hospitalized in Mulago Hospital are infected with HIV. Participants were recruited from the surgical emergency ward as well as the general surgical wards of the hospital. Patients on A&E and the general surgical wards were suspected of having acute abdominal surgical manifestation; HIVseropositive and HIV-negative patients at MNRH were interviewed and enrolled in the study after the patient signed a written consent form (Fig. 1) . So all HIV-positive and HIVnegative patients with acute abdominal surgical manifestation taking ART or not were recruited in the study at MNRH and they were part of the target population. All patients (women, men, and > 15 years of age) who were present at MNRH were directly or referred with surgical manifestation. All acute abdomen patients above 15 years of age received at MNRH between 1st of October 2015 and 30th of April 2016 gave informed consent (for adults 18 years and above) and assent plus guardian consent (for patients younger than 18 years) to participate in the study. Unconscious surgical patients, whose attendants refused to participate in the study. Mentally ill, and unstable patients.
Sampling Procedure Patients admitted to the surgical unit of the Accidents and Emergency department and general wards with acute abdomen were recruited to this study according to the eligibility criteria. An HIV test was performed using the Determine method which is rapid test. Any positive test was confirmed using Statpak and Unigold. CD + 4 counts and CBC were obtained before surgery for all HIV-positive patients. The participants were grouped as HIV-positive or HIV-negative and henceforth analyzed in those groups. The initial diagnosis at first assessment was recorded. The final diagnosis after investigations and/or surgery were also recorded. In this study, we used consecutive selection.
Sample Size The sample size was determined using the Kish and Leslie formula (1965), n = 63 patients. Our dependent variables were sociodemographic data: age, sex, address, level of education, occupation, HIV status, acute abdomen diagnosis, CD4 level, ART drugs, duration of surgery, duration of antibiotic use, type of surgery, and health system challenges. Our dependent variable was postoperative sepsis.
Data Management
We pre-coded and pre-tested data collection tool. The raw data then was entered using Epidata Entry Version 3.1. We collected data by using an administered questionnaire. We tested HIV patients with acute abdomen using the Determine test, and confirmed using Statpak. Any discrepancies were resolved with a third tie-breaker test-Unigold. We have done CD4 count, CBC, consent was obtained, and their contacts taken. At this stage, the questionnaire was partially filled and fully completed after surgery and follow-up. The informed consent process as well as questionnaire interviews were conducted in the local language (Luganda) for the majority of patients and in English for a few patients. We collected data over a specified period of time and interviewed at the arrival time, except patients who were unstable such as those in coma or shock. We summarized data and presented it in tables for easy interpretation. Epidata version 3.1 was used for the entry, validation, and consistency of data; double data entry to check for errors was done. We analyzed data by STATA version 12 computer program and was presented in tabulation form and frequency graphs. It was summarized as tables, pie charts, and bar graphs. In the analysis described, patients are characterized and presented as percentage (%) and mean (SD). The incidence of HIV patients calculated as the proportion of all patients with acute abdomen who are HIVpositive were presented as number (percentage) or mean (SD). The incidence of postoperative sepsis used 95% CI. We divided the participants into two groups, HIV-positive and HIV-negative. The proportions of the various identified etiologies of acute abdomen were calculated for each group. The chi-square statistic was used to test for significance of the difference in the proportions. Similarly, the postoperative risk factors associated with acute HIV accompanying acute abdomen were compared between the two groups. The incidence of postoperative sepsis was estimated as the proportion of patients who had HIV presenting with acute abdomen among the study participants. Logistic regression was used to identify factors associated with HIV presenting with acute abdomen by deriving the odds ratio (CI) and p value of the respective relationships. In all analyses, a p value < 0.05 was considered statistically significant. The postoperative sepsis and associated risk factors used Poisson regression methods to estimate the incidence rate of occurrence of postoperative sepsis among HIV patients as compared to HIV-negative and used incidence relative risk (IRR) (95%CI). Analytics were used to assess the confounders using the same regression method. We pretested the questionnaire and cross-checked for completeness and internal consistency. Research assistant was trained. Inconsistent data evaluated and necessary adjustments were made. Approval was obtained from Makerere University College Board (IRB); the nature of study, its potential risks, and benefits to the patients on the community were explained to the patients. The consent forms were in both Luganda and English. Written informed consent was obtained by signature or thumbprint using a consent form. Within the HIV-positive group, the most common condition was intestinal obstruction at 12 out of 25 (48%) followed by acute appendicitis which presented in 5 out of 25 (20%). In the HIV-negative participants, obstructed hernia was most common condition in 14 out of 37 (37%) followed by intestinal obstruction in 10 out of 37 (27%). Anemia was the most common comorbid association condition for HIV-positive and HIVnegative patients with 7 out 37 (18%) and 5 out 25 (20%) respectively. Exploratory laparotomy was the most frequently performed procedure in HIV-negative representing 22 out of 37 (59.56%) and HIV-positive with 15 out of 25 (56%) respectively. Baseline demographic characteristics of the study participants are shown in Table 1 .
Finding at Laparotomy
The most common finding at surgery was gut perforation observed 19 out of 62 (30.64%) operations. Most of the perforations were observed in the small intestine in 14 cases and the stomach in 4 cases. Incarcerated or strangulated hernia, is the second most common finding observed in 16 out of 62 (25.8%) patients. Small intestine obstruction was the third most common finding observed in 11 out of 62 (17.7%) and was caused by bands, adhesions, or pyoperitoneum. Inflamed appendix in 6 out of 62 (9.7%) and sigmoid volvulus in 5 out of 62 (8.1%) ranked 4th and 5th respectively.
Postoperative Outcomes
Fifteen out of 62 patients (24.2%) in the study developed postoperative sepsis, whom 7 out of 25 (28%) were HIVpositive and 8 out of 37 (21.62%) were HIV-negative. Twenty-four out of 25 (96%) of the HIV-positive patients were discharged compared to the 35 out of 37 (94.59) of the HIVnegative patients. Patients died following surgery were 1 out of 7 (4%) of whom was HIV-positive and 2 out of 37 (5.4%) were HIV-negative.
Incidence of Postoperative Sepsis
The total person time of the study participants was 489 and patients who developed postoperative sepsis were 15 cases. The overall incidence rate was 3 per 100 person days under observation (95% CI 0.02-0.051). The incidence rate of postoperative HIV-positive patients was 3.1 per 100 person days under observation while that in HIV-negative was 3.0 per 100 person days under observation; the person time in HIVnegative group was 265 while in the HIV-positive was 224. The incidence rate ratio for HIV-positive and HIV-negative was 1.035 (95% CI 0.319-3.29; P = 0.47).
Study Variables
Most emergency cases were operated by surgical residents, i.e., 54 out 62 (87%) cases with 3 years mean experience followed by those done by the Registrar (junior consultants) with 6 out of 62 (8.1%). Antiseptic solution was used in all cases except in one case where normal saline was used as an antiseptic solution. Most HIV-positive patients in this study were in stage І, 23 out of 25 (92%). Most of the HIV patients were on HARRT, 18 out of 25 (68%) followed none, and 8 out of 25 (32%) used Septrin. All patients who developed postoperative sepsis during this study presented in 1 out of 15 (6.7%). Most surgeons who operated patients in this study were experienced but faced a problem of limited health resources like unavailability or shortage of surgical instruments, gowns, antiseptic solution, and anesthesiologist. Most of the patients operated in this study had been given preoperative antibiotics for an average of 1.7 ± 2.13 days, the minimum was 1 day and the maximum was 22 days. The mean duration of surgery was 1.7 ± 0.6 h, with a minimum of 1 h and maximum of 3 h. Surgical experience ranged from 1 to 30 years with a mean of 4.7 ± 5.3 years. SHO were the least experienced surgeons. The mean duration of symptoms was 5.4 ± 3.73 days with a minimum of 2 days and maximum of 14 days. Mean length of hospital stay was 7.88 ± 8.4 days with a minimum of 1 day and maximum of 37 days. Sixteen out of 25 (64%) HIV-positive patients who had CD4 count, ranged from 200 to 500 uL. These were protected from getting postoperative sepsis (IRR 0.678; 95% CI 0.152-0.03; P = 0.611). Patients who had CD4 > 200 uL were 7 out of 25 (28%) and more protected CD4 > 500 uL were 2 out of 25 (8%).
Risk Factors for Postoperative Sepsis in HIV+ Participants
We assessed for factors associated with postoperative sepsis using Poisson regression model. Bivariate analysis factors which had P value of 0.2 were considered statistically significant and included in the multivariate Poisson regression model. At multivariate analysis, factors were considered to be statistically significant if they had a P value of 0.05. The health system challenges were found to have an association with postoperative sepsis WBC, platelets, duration of surgery were included. The risk of postoperative sepsis increased by 3.17 times for every additional hour spent in surgery (95% CI 10.66-15.15; P = 0.14). Patients who had leukocytosis were 1.11 times (95% CI 0.951-1.31; P = 0.17) more likely to develop sepsis.
Bivariate Analysis of Risk Factors for Postoperative Sepsis HIV− Participants
Married patients were less likely to develop postoperative sepsis (IRR 0.39; 95% CI 0.138-1.14; P = 0.08). Duration of surgery increased (IRR 3.34; 95% CI 1.04-11.5; P = 0.043) folds of getting postoperative sepsis. Patients who had anemia had increased incident-related risk (IRR 23.4; 1.25; P = 0.18) of developing sepsis. The status of being married, duration of surgery, and limited health resources were associated with postoperative sepsis and were presented with a P value less than 0.2 which were taken for multivariate analysis.
Multivariate Analysis of Risk Factors for Postoperative Sepsis among HIV-Positive and HIV-Negative Participants
After controlling for CD4 < 200,WBC, and platelets, the risk of having postoperative sepsis among HIV-positive patients was 2.1 times higher among patients whose health care worker experienced limited health resource (IRR 3.6; 95% CI − 0.2-4.4; P = 0.072). The risk factors for postoperative sepsis among HIV-negative. The controlling factors were absence of core staff and unavailability; these were not statistically and significantly associated with postoperative sepsis (IRR 3.5; 95% CI 0.61-207; P = 0.500) as shown in Table 2 .
Discussion
We set out to find the incidence and risk factors of postoperative sepsis among HIV patients presenting with acute abdomen at Mulago Hospital. We found that the overall incidence rate of postoperative sepsis was 0.03 per person days under observation (IR 0.03; 95% CI 0.02-0.051). This is equivalent to three cases of postoperative sepsis per 100 person days under observation. The incidence rate ratio for postoperative sepsis in HIV-positive versus HIV-negative participants was 1.035 (95% CI 0.319-3.29; P = 0.47). King et al. in a similar study done in a veterans' hospital in the USA found an incidence rate ratio of 2.11 (95% CI 1.41-3.17; P < 001) [9] . This rate was higher than that in our study possibly because they followed-up patients for a longer period. It is possible that some patients developed postoperative sepsis in the days after being discharged from hospital. Such patients would be missed by our study which followed-up participants up to discharge or death. Some studies presented data as incidence and percentages of patients with postoperative sepsis. In the discussion below, we discuss our findings using statistics presented by other studies in order to aid the comparison. Nandyala et al. [10] , in a study done in India, found the postoperative sepsis was 30%. From our study, the incidence of postoperative sepsis was 28% (7 out of 25). Zhang et al. [11] , in a study done in China, found an incidence of postoperative sepsis of 2.6% in HIV-infected patients versus HIV-negative patients. Mafana et al. [12] collected data from six different hospitals in South Africa and found an incidence of postoperative sepsis of 3.6% among the HIV-negative patients and 3.7% among HIV-postoperative sepsis. These were lower than what we found in our study probably because of differences in study setting and study patients.
Risk Factors for Postoperative Sepsis
In all study participants irrespective of HIV status, longer duration of surgery increased the risk of postoperative sepsis. The risk of postoperative sepsis increased threefold for every extra hour spent under operation (IRR 3.4; 95% CI 0.66-15.5; P = 0.14) but this finding was not statistically significant. In a similar study done by Berthus et al. in the Netherlands, researchers also found that longer duration of surgery increased risk of developing postoperative sepsis [13] . This finding was statistically significant with P value as 0.01. It is possible that surgery deplete patients' energy levels and affects the hemodynamics required to fend off infection. It is also possible that longer duration of surgery exposes patients to the risk of contamination and infection especially if the conditions under which surgery is performed have reduced sterility. In this study, we found that HIV patients were 2.1 times more likely to develop postoperative sepsis, where health workers reported limited health resources such as lack of sundries, drapes, antiseptic solution, gowns, and other materials necessary to care for patients in the postoperative period (IRR 13.9; 95% CI 1.5-130) and this finding was statistically significant (p = 0.021) after controlling all other possible confounders. Indeed, other studies have found results similar to ours. Kizza et al. found that lack of material and human resources contributes to the inability to achieve improved management of sepsis in Mulago Hospital. The high mortality associated with sepsis syndromes resulted from the lack of materials and human resources necessary for optimal care [14] . Having anemia in which we used WHO guideline < 9 mg/dl have increased the risk of postoperative sepsis 4.5 times (IRR, 95% CI 1.5-13.1; P = 0.006) at bivariate analysis although this finding was not statistically significant after controlling other factors (IRR 1.66; 95% CI 0.99-27.8, p = 0.72). It is possible that there are other factors confounding the relationship between anemia and postoperative sepsis that have to be explored further to tease out the actual effect of anemia on the development of postoperative sepsis. We found that having a higher CD4 cell count reduced the risk of developing postoperative sepsis among patients who were HIV-positive (IRR − 0.31; 95% CI (10) where the most common finding was gut perforation presenting in 30% of patients. Galukande et al. found appendectomy followed by hernia, and there was similarity to this study whereby the second most operation was herniorrhaphy [19] . In our study, strangulated hernia was found in 17.7% of patients; a finding similar to that was found by Doumgba et al. in Central Africa in which he found 16% of cases had strangulated hernia [20] . The mean hemoglobin of our study was 12.3 mg/dl and it was similar to the study done by Ischie et al. in Nigeria [21] and Okuma et al. [19] in Uganda which they found 12.3 mg/dl and 12.1 mg/dl respectively. CD4 < 200/μl in our study was associated with postoperative sepsis which Misauno et al. found the same in Nigeria [21] . In our study, the proportion of postoperative sepsis in HIV-positive patients was 28% similar to what Montoya et al. found in Peru in 2014 which was 28.1% [22] .
Comparison of Incidence of Postoperative Sepsis Among HIV-Positive and HIV-Negative Patients
The incidence rate of postoperative sepsis in this study for HIVpositive patients was 3.1/100 person days under observation while that of the HIV-negative patients was 3.0/100 person days under observation. This gave an incidence rate ratio of 1.1 for HIV-positive versus HIV-negative patients (IRR 1.035; 95% CI 0.32-3.30; p = 0.47) but this finding was not statistically significant. Other studies presented data as incidence instead of incidence rates. Our study showed higher incidence of 7 out of 25 (28%) in the HIV-positive group compared to similar studies done elsewhere. A study done by Zhang et al. showed an incidence of postoperative sepsis of 2.6% in HIV patients [11] . Hadnott et al. [23] and Yiiet et al. [24] found incidence of sepsis of 13% (17 out of 51 patients).
The proportion of patients with postoperative sepsis in HIV-positive patients was 28% (7 out of 25) and 21.62% (8 out of 37) in HIV-negative patients. In comparison, a study done by out of 2 (20%) and in the HIV-negative group was 7 out of 76 (9.2%) [19] . Kakande et al. found postoperative sepsis in 7 cases out 76 (9.9%) [25] .
Study Limitations
Most patients were from Kampala metropolitan so generalization of results to the country is limited. The study was subjected to the potential of recall bias, e.g., age and duration of symptoms. Some of the patients were not able to remember, we minimized this by asking patients' ages, and duration of symptoms, and cross-checking with the admission file. Duration of operation, antibiotic usage, and antiseptic solution were obtained from admission files. In case they were not written or reported, information was obtained from the surgeon. This did not have any net effect on the internal validity of the results.
Conclusion
The incidence rate ratio for HIV-positive and HIV-negative patients was 1.035 (95% CI 0.319-3.29; P = 0.47). Incidence rate of HIV-positive patients was 3.1 per 100 person time under observation compared to HIV-negative patients 3.0 per 100 person time under observation. Risks of postoperative sepsis among both HIV-positive and HIV-negative patients increased by longer duration of surgery, anemia, and limited health resources.
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